Several studies have considered the control theory to regulate the flow of data in communication networks. In this paper, we propose the design of an Active Queue Management (AQM) allowing optimum use of the routers queue and the avoidance of congestion. To this end, initially, taking into account the communication delay, we determine the state-space model of TCP network, secondly, based on a geometric method and on a state feedback controller developed in our previous work [6], we synthesize an observer allowing to estimate the state of the network. Finally, we test the validity of our approach through simulations.
Introduction
We are witnessing a time of enormous progress in digital technologies, allow-ing communication networks to gain more in terms of reliability, security and scalability. However, the current trend also favors the emergence of new services such as VoIP or IPTV, generating large flows of data. This therefore requires taking measures to ensure a certain level of quality of service (QoS), taking into consideration, the large number of users which is more and more growing.
In this context, several studies were conducted to control the data traffic within the TCP network, and specifically, to manage the router queue size in order to avoid the saturation of the buffer. For example, the authors of [1] - [2] - [7] - [12] have used the Active Queue Management (AQM) mechanism to act directly on the router queue in order to avoid congestion. Others combine the AQM mechanism with the control theory, such as the robust analysis [8] - [15] , the Lyapunov functionals [9] - [14] or the state predictors [5] - [13] , to develop control laws for controlling the TCP traffic. Nevertheless, it should be noted that these studies have been conducted under the assumption of an exact knowledge of the network state, which is not always verified in practice.
To remedy this problem, we propose in this paper the synthesis of an observer to estimate the system state from the model describing the dynamics of the network. For this, we will use a state feedback controller [6] on the one hand, on the other, a geometric method [11] allowing the synthesis in the frequency domain.
The remainder of this paper is structured as follows. In section 2, we present a state space model describing the dynamics of TCP network. Then, in section 3, we develop a linear observer to estimate the network state. In Section 4, we validate the results obtained in the previous sections through simulations. Finally, we present our conclusions and future works in section 5.
TCP Network Dynamics
According to the fluid flow model [3] - [10] , the dynamics of TCP is described by:
and T p represent, respectively, the TCP window size, the Round Trip Time (RTT), the probability of dropping packets, the link capacity, the number of TCP sessions, the queue length and the time taken by the packets to propagate in the communication lines. The linearization around the operating point defined by (2) leads us to the system (3).
In the state-space the model (3) becomes:
where
3. Observer-based State-Feedback: Geometric Considerations
Luenberger Observer
We will now address the main objective of this paper, which is to develop a mechanism to observe in real time the state of the system x (t ) . The equation (5) describes the structure of the observer that will be used, where
T is a gain that should be chosen so as to ensure a rapid convergence of the estimation error e (t ) = x (t ) !x (t ) to zero.
Using the Laplace transform, the equation (5) becomes:
Taking into account the state feedback:
thus, from (6) and (7), we find:
Therefore, the characteristic equation associated with (8) is defined by:
After calculation, H (s ,e !! 2 s ) can be written as:
with
Routh-Hurwitz Stability Criterion
The first step in the analysis of the system stability is to consider the ideal case, i.e. a zero-delay (! 2 = 0 ). Therefore, we find the following equation:
Thus, the characteristic equation becomes a polynomial for which it is sufficient to apply the Routh criterion to determine the stability conditions. The polynomial H (s ,l 1 ,l 2 ,0) is Hurwitz if, and only if, all the elements of the first column of the Routh table are strictly positive. i. e.:
which leads us to the following two conditions:
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Frequency Domain Stability Analysis
In this part, we will proceed with the study of the stability in the frequency domain. For this, we will first consider the general case, which corresponds to a delay ! 2 ! 0 , then we will assume that the system is at the limit of stability, which corresponds to the existence of at least one pure imaginary root of the characteristic equation (10), i. e. :
which is equivalent to:
Separating the real and imaginary part of this equation, we find:
Thus, we find:
These two equations define the set of pairs (l 1 , l 2 ), by varying ! we find, what is called the crossings curves, and which represents a second limit of the system stability regions. We will now determine the crossing direction defined by the sign of R 2 I 1 ! R 1 I 2 , with I i and R i are defined by:
After calculation, we find:
Which meant that the crossing direction is to the left, i. e. when (l 1 , l 2 ) traverses the crossing curve from the left to the right, a pair of solution of (13) traverses the imaginary axis from the right to the left.
Thus, taking the same numerical values as in [4] , and taking into consideration the conditions (12), (14) and (15) delimiting the stability region, we find, for ! 2 = 0.8s , the stability region shown in Fig. 1 , which also corresponds to the convergence region of the estimation error to zero. ,! 2 ) = 0 is Hurwitz for any delay ! 2 < ! 2 * , with ! 2 * is to the critical value of the delay ! 2 .
Critical Delay
We will now determine the critical delay ! 2 * , which represents an upper bound of the delay ! 2 , beyond which the selected pair (l 1 * , l 2 * ) cannot guarantee the system stability. The closed loop system is stable if and only if all the roots of the equation (10) have a strictly negative real part. The stability limit corresponds, therefore, to the existence of a pure imaginary root s = j ! i. e.:
which is equivalent to
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Simulation Results
In order to stabilize the size of the router queue to the value q 0 = 175 packets. We consider the system presented in [4] , where: T p = 0.2s, C = 3750 packets/s and for N = 60 TCP sessions, we have W 0 = 15 packets, p 0 = 0.008, ! 1 = 0.5s and! 2 = 0.8s . Now, to test the validity of our approach, we will first choose 3 pairs (l 1 * , l 2 * ) belonging to the stability region shown in Fig. 1 Then using the equation (17) we will determine the critical delay. The results are shown in the following table: Considering the pairs (l 1 * , l 2 * ) shown in the previous table, and the state feedback gain K = 10 !3 [ ! 9.7 0.15 ] developed in [6] , we obtained the temporal evolution of the router queue, illustrated in Fig. 2 and the temporal evolution of the observation errors e 1 (t ) = x 1 (t ) !x 1 (t ) and e 2 (t ) = x 2 (t ) !x 2 (t ) illustrated in Fig. 3 , Fig. 4 and Fig. 5 . T can guarantee the system stability with a convergence to zero of the observation errors. However, we also note that depending on the selected gain, the behavior in dynamic regime changes, in particular, the response time.
So the best evolution of the queue size is that obtained for the observer gain L 2 , indeed, it allows to quickly reach the desired value of the queue with a good dynamic precision and less oscillations. We also note that the gain L 2 (see Table. 2) is the one that can offer the greatest value of the maximum allowable delay ! * 2 = 3.8481 i. e. the convergence of the queue size to q 0 = 175 packets is ensured for any delay ! 2 belongs to [0, 3.8481).
Conclusion
In this paper, the problem of congestion control within the network has been studied by means of a frequency domain approach with AQM mechanism. The developed controller has been constructed, on the one hand, using a state feedback control law acting on the packet rejection rate, which allows to regulate the TCP traffic, and on the other hand, using an observer allowing to estimate the state of the network, which increases the performance of the controller. Future works consist, firstly, to develop a control law for a large class of TCP network, integrating uncontrolled flows generated by UDP sources, and secondly, to develop a tool based on the Luenberger observer allowing the network monitoring and the detection of anomalies.
